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TECHNICAL NOTE 2637 


COMPRESSIVE BUCKLING OF FLAT RECTANGULAR METALITE TYPE 
SANDWICH PLATES WITH SIMPLY SUPPORTED LOADED 
EDGES AND CLAMPED UNLOADED EDGES 1 
(Revibed) 

By Paul Seide 


SUMMARY 


A theoretical solution is obtained for the problem of the compres- 
sive buckling of flat rectangular Metalite type sandwich plates with 
simply supported loaded edges and clamped unloaded edges. The solution 
is based upon the general small-deflection theory for flat sandwich 
plates developed in NACA Rep. 899- A comparison is made of the present 
results and other solutions of the problem. 

A comparison is also made between the present theory and experi- 
mental results for two types of sandwich plates: plates having alclad 

2kS-T aluminum-alloy faces and end-grain balsa-wood or cellular-cellulose- 
acetate cores. Better agreement is found between computed and experi- 
mental buckling stresses of sandwich plates with cellular-cellulose- 
acetate cores than for sandwich plates having end-grain balsa-wood cores. 


INTRODUCTION 


The increasing use of sandwich materials in aircraft design makes 
the problem of analyzing the buckling of sandwich plates one of impor- 
tance. Since sandwich plates cannot be analyzed by ordinary plate theory 
because of the appreciable effect of low core shear stiffness on deflec- 
tions , a general small- deflect ion theory for elastic bending and buckling 
of flat sandwich plates was developed in reference 1. This theory was 
extended to include plastic buckling in reference 2 and was applied to 
the problem of the elastic and plastic compressive buckling of simply 
supported flat rectangular Metalite type sandwich plates. 

In the present paper, the elastic compressive buckling of flat rec- 
tangular Metalite type sandwich plates with simply supported loaded edges 

^Supersedes NACA TN 1886, "Compressive Buckling of Flat Rectangular 
Metalite Type Sandwich Plates with Simply Supported Loaded Edges and 
Clamped Unloaded Edges," by Paul Seide, May 19^9- 
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and clamped unloaded edges (fig. l) is investigated. The differential 
equations of reference 1 are solved to yield a stability criterion giving 
elastic-buckling-s tress coefficients implicitly in terms of the plate 
aspect ratio and the ratio of the plate flexural stiffness to the core 
shear stiffness. Charts are presented to facilitate the determination 
of elastic-compressive-buckling loads and an approximate correction for 
plasticity is outlined. 

The results of the present paper are compared with those of other 
theoretical solutions and discrepancies are discussed in the light of 
the assumptions of the various theories. 

Experimental buckling stresses of sandwich plates with alclad 2^-T 
aluminum -alloy faces and end-grain balsa-wood or cellular-cellulose- 
acetate cores are compared with theoretical buckling stresses computed 
from the present results. 


SYMBOLS 


Ej. Young’s modulus for face material 

P-p Poisson’s ratio for face material 

t f face thickness 

G c shear modulus for core material 

h c core thickness 


Do 


D f 


flexural stiffness per unit width of Metalite type 
sandwich plate with faces considered as membranes 

/ Eft f (he + t f ) 2 \ 

\ 2 ( 1 - “/) / 

flexural stiffness per unit vidth of both faces 




NACA TN 2637 


3 


D Q 


a 

b 

P 


shear stiffness per unit width of Metalite type sandwich 
plate with faces considered as membranes 



plate length 
plate width 

plate aspect ratio (a/b) 


r 


J cr 


core shear-flexibility coefficient 



critical compressive stress in x-direction 


k 

N x 

x,y,z 

w 

m 

5 * hr 
V d Q 

Subscripts : 

comp 

exp 


elastic-buckling-stress coefficient 


feb g g C rtf\ 


critical compressive load per unit width ^ 2tI cr ' fc fj 


coordinate axes (see fig. l) 

deflection of middle surface of plate in z-direction 

number of half-waves in buckled-plate deflection surface 
in direction of loading 


angles in xz- and yz-planes, repectively, between 
lines originally perpendicular to undeformed middle 
surface and lines perpendicular to deformed middle 
surface 


computed 

experimental 
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RESULTS AND DISCUSSION 


The solution of the problem of the compressive buckling of elastic 
flat rectangular Metalite type sandwich plates with simply supported 
loaded edges and clamped unloaded edges (fig. l) is obtained herein by 
means of the differential equations of deformation and equilibrium 
derived in reference 1. Details of the solution are given in the 
appendix. 

Stability criterion and buckling curves . - The solution to the prob- 
lem considered in the present paper is embodied in the stability crite- 
rion, equation (All) in the appendix. This equation gives the elastic- 
buckling-stress coefficient k implicitly in terms of the plate aspect 
ratio p and the core shear-flexibility coefficient r. Solutions of 
the stability criterion for Poisson’s ratio equal to l/3 are presented 
in table 1 and graphically in figure 2. The elastic-buckling-stress 
coefficient k is plotted in figure 2 against the plate aspect ratio p 
for different values of the core shear- flexibility coefficient r. As 
the core becomes more flexible (r increases), the effect of the clamped 
unloaded edges on the plate buckling strength is lessened and the buckling 
curves approach the curves obtained in reference 2 for plates simply 
supported on all edges. When the core shear- flexibility coefficient is 
equal to or greater than unity, the wave length of buckle is zero. In 
this case, as for simply supported Metalite type sandwich plates (refer- 
ence 2), the elastic-buckling-stress coefficient is determined simply 
by the shear- flexibility parameter and is given by 


k 




( 1 ) 


This result is a consequence of the assumption, implied by the theory 
of reference 1, that the plate faces are so thin that they can be treated 
as membranes having a negligible stiffness in bending about their own 
middle surface. 

In figure 3 the elastic-buckling-stress coefficients of infinitely 
long Metalite type sandwich plates with clamped unloaded edges are com- 
pared with the buckling coefficients of infinitely long Metalite type 
sandwich plates with simply supported edges. As was noted in the dis- 
cussion of figure 2, the elastic-buckling-stress coefficients of clamped 
plates rapidly approached those of simply supported plates as the core 
shear-flexibility coefficient increases, the two being equal and given 
by equation (l) for values of r greater than unity. 
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Unlike results obtained for isotropic plates with deflections due 
to shear neglected, the elastic-buckling-stress coefficients of Metalite 
type sandwich plates with simply supported loaded edges and clamped 
unloaded edges depend on Poisson’s ratio for the face material. The 
variation of the elastic-buckling-stress coefficient with Poisson’s ratio, 
however, is small. 

Correction for plasticity .- Because of the complexity of the sta- 
bility criterion (equation (All) ) , no attempt was made to extend the 
solution to include buckling in the plastic range. An approximate cor- 
rection for plasticity is suggested, however, by the results of refer- 
ences 3 and k from which, for long plates with edges elastically 
restrained against rotation, the ratio of the plastic buckling stress 
to the elastic buckling stress can be seen to be approximately independ- 
ent of the magnitude of the elastic restraint. This fact suggests the 
use of the results of reference 2 for simply supported plates to obtain 
curves of plastic buckling stress plotted against elastic buckling stress 
for various values of plate aspect ratio and core shear-stiffness param- 
eter. The appropriate curve for given values of p and r is then 
entered with the elastic buckling stress obtained by means of figure 2 
to get the approximate buckling stress of a plate with simply supported 
loaded edges and clamped unloaded edges. 


COMPARISON WITH OTHER THEORETICAL SOLUTIONS 


Solutions of the problem of the compressive buckling of flat rec- 
tangular Metalite type sandwich plates with simply supported loaded edges 
and clamped unloaded edges, based on other sandwich-plate theories, are 
in existence (references 5 to 7)- A comparison of the results of these 
theories for infinitely long clamped Metalite type sandwich plates with 
those of the present paper (fig. 2) is shown in figure 4. Appreciable 
spread occurs in the elastic-buckling-stress coefficients computed from 
the various theories. The maximum deviation of the elastic-buckling- 
stress coefficients of 15 percent to -15 percent of the results of the 
present paper occurs at a value of r of about 0.2. The discrepancies 
become less as the shear-flexibility parameter approaches zero or unity. 
The various theoretical results are discussed in more detail in the 
following paragraphs. 

In reference 5, a potential-energy expression for bending and 
buckling of sandwich plates that includes the effect of bending of the 
faces about their own middle surface is derived. The assumption is made 
that any line in the sandwich core that is initially straight and normal 
to the middle surface of the plate will remain straight, after deformation 
of the plate but will deviate from the direction of the normal to the 
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deformed middle surface "by an amount that is proportional to the slope 
of the plate surface, this proportionality factor "being constant through- 
out the plate. While this assumption leads to a rigorous solution for 
the compressive buckling of simply supported plates, it is not rigorously 
correct for other loadings and boundary conditions. 

For the present problem, a stability criterion is obtained in refer- 
ence 5 by means of an approximate deflection function. This stability 
criterion (equation (42) of reference 5 ) 1 b } ±n the notation of the 
present paper. 


l6/p£ . _3 m2 l\ 

3 W 2 16 P 2 2/ 




+ 


_3_ mf 
16 p 2 


iW 

2 / D o 


( 2 ) 


The first term in the right-hand side of equation (2) is the approximate 
elastic-buckling-stress coefficient that would be obtained if the faces 
were assumed to be membranes and is analogous to the present solution. 
The second term is the elastic-buckling-stress coefficient of the two 
faces alone. 


For sandwich plates having relatively large ratios of core thick- 


ness to face thickness 



> 10 


the effect of the second term in the 


expression is very small, except for plates having low aspect ratios. 

For infinitely long sandwich plates the second term may be neglected 
because if the core-thickness - face-thickness ratio is greater than 10, 
elastic-buckling-stress coefficients for a given value of r and differ- 
ent values of Df/D Q practically coincide. In figure 4, therefore, the 


results of reference 5 were obtained by minimizing equation (2) with 
respect to p/m while the term involving Df /D q was neglected. 


The results of reference 5 with the bending stiffness of the faces 
about their own middle surface neglected differ by at most 15 percent 
from the results of the present paper. The elastic-buckling-stress coef- 
ficient for r equal to zero, which corresponds to the clamped isotropic 
plate, is about 4 percent higher than the exact value of 6.98 and the 
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value of r at which the wave length of the buckled plate vanishes is 
3/4 rather than 1 as given by the present theory. Whether these dis- 
crepancies are due to the assumption of the theory of reference 5 or to 
the approximate deflection function used is impossible to ascertain with- 
out an exact solution of the equations of reference 5, but the fairly 
close agreement of the results of reference 5 and those of the present 
paper appears to indicate that the elastic-buckling-stress coefficients 
are relatively insensitive to the assumption of proportionality of shear- 
deformation angle and plate slope. 

A method for simplified solution of Metalite type sandwich-plate 
buckling problems is developed in reference 6. The theory of the paper 
is largely based upon intuitive reasoning and involves the assumptions 
that the internal moments and shears in a sandwich plate are the same 
as those that would occur if the core had infinite shear stiffness and 
that the deflection of the plate is made up of two parts: a part due 

to stretching of the faces by the internal moments and the remainder 
due to -shearing of the core by the internal shears . These two parts of 
the deflection surface are assumed also to have the same shape. 

An approximate equation for the elastic-buckling-stress coefficient 
for the present problem can be obtained from the results of reference 6, 
in the notation of the present paper, as 


5 (g| + i2? + i\ 

\m 2 5 p2 2 / + /g£ + is 2 + l\£f 

J f3 2 1 m 2 1\ U 2 5 P 2 2 / D o 

1 + L r 

r2 


(3) 


Equation (3) is identical in form with equation (2). The first term in 
the right-hand side is an approximate elastic-buckling-stress coefficient 
of sandwich plates with membrane faces and the second term shows the 
effect of stiffness of the faces in bending about their own middle sur- 
face. The effect of the second tern in equation (3) is again very small, 
except for plates having low aspect ratios, and may be neglected for 
infinitely long plates when the ratio of core thickness to face thick- 
ness is greater than about 10. The results of reference 6 shown in fig- 
ure k were obtained by minimizing equation ( 3 ) with respect to p/m 
while the term involving Df/D 0 was neglected. 
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The elastic-huckling-stress coefficients given by the theory of 
reference 6 are at most about 7 percent higher than those of the present 
paper. The two solutions coincide for r equal to zero and for r 
equal to or greater than unity. Thus, despite the nonrigorousness of 
the method of split rigidities, relatively accurate elastic-buckling- 
stress coefficients are obtained through its use. 

A potential-energy expression more rigorous than that of refer- 
ence 5 is developed in reference 8; however, in the derivation the sand- 
wich core is implicitly assumed to be attached to the middle surface of 
the faces, an assumption which underestimates the core shear stiffness 
and results in values of e las tic-buckling-s tress coefficients that are 
lower than exact values. The calculus of variations is applied to the 
potential-energy expression to obtain differential equations and appro- 
priate boundary conditions for the bending and buckling of sandwich 
plates. These differential equations are solved approximately in refer- 
ence 7 to obtain upper and lower limits for the elastic-buckling-stress 
coefficients for the present problem and a chart is presented giving the 
arithmetic mean of these limits for infinitely long plates. 

The parameters used in reference 7 are a buckling-stress coef- 
ficient Cjj^, a core shear-stiffness parameter R, and, in the notation 

of the present paper, the ratio of the core thickness to the face thick- 
ness h c /t f . The relationship between the first two parameters and those 

of the present paper are given by the following expressions: 



The theory of reference 7 gives a different curve of elastic-buckling- 
stress coefficient k against core shear-flexibility parameter r for 
each value of the ratio of core thickness to face thickness h c /t f . 
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Curves for h ^ tf equal to 10, 20, and 50 are shown. The curve for 
h c /tf equal to 10 deviates from the present results by a maximum of 
15 percent and by about 7 percent for h c /t f equal to 20; whereas the 
points plotted for h c jt^ equal to 50 coincide with the present results 
except in the region near r equal to zero. 

A theory, which takes into account the bending stiffness of the 
faces about their own middle surface, would be expected to yield elastic- 
buckling-stress coefficients higher than those of the present paper, 
derived from the membrane theory of reference 1. The results of refer- 
ences 5 and 6 also indicate that curves of k against r for infinitely 
long clamped plates for core-thickness - face-thickness ratios greater 
than about 10 should practically coincide. The differences between the 
various curves obtained from reference T and between those curves and 
that of the present paper may therefore be attributed to the effect of 
underestimating the shear stiffness of the core by assuming it to be 
attached to the middle surface of the faces. If the core shear-stiffness 
parameter R of reference 7 is redefined by the expression 


R = 



(5) 


the replotted curves of reference 7 for ^c/^f grater than about 10 

would practically coincide with the present results. The redefinition 
of R by equation (5) is equivalent to taking into account the attach- 
ment of the core to the inner surface of the faces rather- than to the 
middle surface of the faces as was assumed in references 7 and 8. 


COMPARISON OF THEORY AND EXPERIMENT 


In figures 5 and 6 experimental compressive buckling stresses for 
sandwich plates with simply supported loaded edges and clamped unloaded 
edges are compared with the buckling stresses computed from the results 
of the present paper. The experimental stresses are the results of 
Forest Products Laboratory tests (reference 9 ) made on Metalite type 
sandwich plates with alclad 2^+S-T aluminum-alloy faces and end-grain 



10 


NACA TN 2637 


■balsa-wood or cellular-cellulose-acetate cores. Theoretical stresses in 
the plastic range are approx im ate and were obtained by the method 
described previously. The experimental and computed data are summarized 
in tables 2 and 3- 

Poor agreement exists between theory and experiment for panels with 
end-grain balsa-wood cores , whereas the agreement between theory and 
experiment for panels with cellular-cellulose-acetate cores is good, as 
indicated by figures 5 and 6. For panels with end-grain balsa-wood cores 
the theoretical buckling stresses are an average of 2 6 percent higher 
than the experimental stresses, as is shown by the dashed line of fig- 
ure 5. Individual discrepancies range from 12 percent to 45 percent. 

For panels with cellular-cellulose-acetate cores the theoretical buckling 
stresses are an average of 1 percent below the experimental buckling 
stresses with individual discrepancies ranging, however, from -17 per- 
cent to 27 percent. 


CONCLUDING REMARKS 


Charts have been presented to facilitate the determination of theo- 
retical elastic-compressive-buckling loads of flat rectangular Metalite 
type sandwich plates with simply supported loaded edges and clamped 
unloaded edges. A correction for' plasticity has been suggested. 

A comparison has been made between the present theory and experi- 
mental results for two types of sandwich plates i plates with alclad 24S-T 
aluminum-alloy faces and end-grain balsa-wood or cellular-cellulose- 
acetate cores. Better agreement is found between theoretical and experi- 
mental buckling stresses of sandwich plates having cellular-cellulose- 
acetate cores than of sandwich plates having end-grain balsa-wood cores. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va. , September 6, 1951 
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APPENDIX 

DERIVATION OF COMPRESSIVE BUCKLING CRITERION FOR FLAT RECTANGULAR 
METALITE TYPE SANDWICH PLATES WITH SIMPLY SUPPORTED 
LOADED EDGES AND CLAMPED UNLOADED EDGES 


Differential equations .- Differential equations for sandwich plates 
that may he used to derive the buckling criterion are given in refer- 
ence 1. Seven physical constants (two Poisson's ratios, two flexural 
stiffnesses, a twisting stiffness, and two shear stiffnesses), which must 
be specified, are given by 


Mx = My = Pf 


D x - D y - C 1 + • a f) D xy - h E f t f( h c + t f) 2 > 


(Al) 


Dn = Do = G-h^ ( 1 + 


tf.\2 


'Q x - -Qy - "c“cl- - 


These physical constants are identical with those given in refer- 
ence 2, with the exception of the expression for Dq and Dq^ which 

has been changed as suggested by Bijlaard in reference 10. The assumption 
upon which the expression in reference 2 for Dq and Dq^ was based, 

that the sandwich core carries all the vertical shear forces, causes the 
core shearing stiffness to be underestimated. 

For a Metalite type sandwich plate compressed in the x-direction, 
the equations of reference 1 are then 
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N x Dp _ 5 _ ^x 8 Qy _ 0 

D 0 Dq Sx2 Sx Dq c*y Dq 


A/AL + A-\„ 

M^x 2 ay 2 / 


1 + h b 2 

2 dx dy Dq 


1 - a 2 [ a 2 

, 2 ax 2 Sy 2 


- 5a\i = 0 

D o/ D Q 


> 


(A2) 


/a + 

S 2 V 

( 1 ~ b 2 

b 2 

D Q\ 5 x _ 

1 + Pf ^ Qy 

lx 2 

by 2 ) 

\ 2 by 2 

Sx 2 

’ d oK " 

2 bx by Dq 


Boundary conditions .- The Boundary conditions that are to he satis- 
fied by the functions chosen for the middle-surface deflection w and 
the shear angles Q x /-°q anii Qy/D q are that no middle-surface deflection 

occurs at the plate edges, that no point in the boundary is permitted 
to move parallel to the edges, that no bending moment exists along the 
simply supported edges, and that along the clamped edges the sections 
making up the boundary do not rotate. (See reference 1, pp. 8 - 9 . ) 

These conditions are given by the following equations: . 

At x = 0, a 


and at y = ± — 
2 


w = ^ = 0 

* D Q 



i=o 

8y D q 


(A3a) 


(A3b) 
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The bending moment M x is given by equation (12a) of reference 1 as 


M x 


-Do 


d /dw 
dx\dx 






Solution of differential equation .- Solutions for the middle-surface 
deflection w and the shear angles Q x /Dq and Q^Dq exist in the form 


w = sin 


A< cosh 

a i 


'■'v 

itN-jy 

h 


Qx 

D Q 



B i 


cosh 


rtN-jy 


(A5) 


Qy mrtx x— 

— = sin / Cj_ s inh 

Dq a 3 ] h 


where m is an integer indicating the number of sinusoidal half-waves 
in the x-direction and values of and the coefficients A^, B^, and 

are to he determined. Equations (A5) satisfy the boundary 
conditions (A3a) . 

Substitution of equations (A5) into equations (A2) yields, after 
simplification, the following set of simultaneous equations which applies 
for each set of values of A^, B^, C^, and Nj_: 


krA ± B ± + N ± i a 

l 1 m 


C, = 
m mit 1 


0 


(A 6 a) 
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l4 



Ai + p ^ % £■ — B 3 

1 2 1 m nut 3 



1 

r 


+ 


1 - Hf 
2 



(A6b) 



1 + Hf pa 

- ■ — % - — c 1 

2 1 m m it 1 


= 0 


(A6c) 


Three values of for which equations (A5) satisfy the differential 

equations (Al), are obtained by setting the determinant of the coef- 
ficients of equations (A 6) equal to zero: 





Expressions for the coefficients Aj_ and in terms of are found 

by solving equations (A6a) and (A6b). This procedure gives 
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where 



Equations (A5) may then he written as 
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w = 


jtN 2 y jtN^y a mj(X 

©Bo cosh + (l - 0)Bo cosh sin 

_ d b J bjm« a 


— = ( B-i cosh 


itNiy JtNpy- _ , jtW3y\ mrtx 

— — +• Bo cosh — — + Bo cosh cos 

<— "h D "h / fl 




(A 9) 


% 

d Q 


1 *N]y R 

B n sinh + N 0 — B„ sinh + 


1% | 


2 m 2 


No £■ Bo sinh ] s in mrtx 

J m J 1 


The coefficients B-^, B 2 , and B^ must be adjusted so as to make 

equations (A9) satisfy boundary conditions (A3b) . Substitution of equa- 
tions (A9) into equations (A3b) gives the following set of simultaneous 
equations: 


, kNp , j> «N3 

B 2 0 cosh — — + B^(l - 0) cosh — — = 0 


jtN^ «N 2 «No 

Bt cosh + Bo cosh + Bo cosh — — = 0 

± o d p 0 P 


> (A10) 


sinh 


jtNi 


Bi 


N x - 
x m 


p JtNp . r kNo 

Bp(l - 0)N 2 | sinh -g- + B 3 0N 3 £ sinh 


= 0 
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The condition that B^, Bg, and B^ have values other than zero deter- 
mines the criterion for stability under compression of flat rectangular 
Metalite type sandwich plates with simply supported loaded edges and 
clamped unloaded edges. The stability criterion, obtained by setting 
the determinant of the coefficients of equations (A10) equal to zero, is 



tanh 


itNi 


jtNi 


1 



riff. 




O JUftQ 

— tanh — - + 
2 2 



(All) 


When the plate shear stiffness is infinite (r = 0), equation (All) 
reduces to the stability criterion for isotropic plates with deflections 
due to shear neglected: 
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TABLE 1 

CCMPBESSIVE BUCKLIHG-STRESS COEFFICIENTS k FOR METALITE 
TYPE SANDWICH PLATES WITH SIMPLY SUPPORTED LOADED 
EDGES AND CLAMPED UNLOADED EDGES 



0 0.025 

(a) 


°° i+O- 00 



10. 44 


.4 9.4k 7.72 

.5 7.69 6.51 

.6 7.05 6.06 

.7 7.00 6.06 

.8 7.29 6.36 

• 9 7. 83 6. 85 


0.06 

0.10 

0.15 

0.25 

o.4o 

0.60 

1.00 

16.67 

10.00 

6.67 

4.00 

2.50 

1.67 

1.00 


9.19' 

6.32 

3.89 

2.46 

1.66 

1.00 

10.59 

7.53 

5.53 

3.61 

2.37 

1.63 

1.00 

7.78 

6.05 

4.73 

3.29 

2.27 

1.60 

1.01 

6.19 

5.07 

4.15 

3.05 

2.18 

1.58 

1.02 

'5.41 

4.56 

3.82 

2.91 

2.15 

1.59 

1.06 

5.12 

4.38 

3.71 

2.88 

2.17 

1.64 

1.13 

5.15 

4.43 

3.79 

2.96 

2.25 

1.71 

1.17 

5.42 

4.61 

3.99 

3.1^ 

2.39 

1.84 

1.25 

5. 86 

5.05 

4.34 

3.40 

2.59 

1.98 

1.37 

6.43 

5.55 

M5 

3.72 

2.86 

2.16 

1.49 


'Values of 


taken from reference 11. 






















20 


MCA TN 2637 


'Tfl'RTT! 2 

EXPERIMENTAL AND COglfTED DATA FOR SAHDWICH PIA1ES WITH ALCIAD 24S-T 
AUMH71S'!- ALLOY FACES AHD EHD-QRAIH BAL3A-WOOD CORES 


L E f = 9.9 X 10° psi; G c = 19. 


,000 pal] 


tf ic a b . 

(in.) (in.) (in.) (in.) a ' r 

0.012 0.255 33-02 39-95 0.027 O.Oi 
.013 .257 33.03 39-68 .828 -O 

.013 . 251 33-02 39-98 . 826 .O 

.012 .252 33.02 39-90 .828 .O 

.012 .255 23.02 35.95 .640 .O 

.012 .259 23.03 35-82 . 6*3 .Oi 

.012 . 251 23.02 35-90 .641 .0( 

.013 .251 23.03 35-94 .641 .0: 

.011 .259 19.03 28.83 .660 .0: 

.012 . 249 19.02 28.81 .660 .0: 

.012 .244 19.01 28.80 . 660 . 0: 

.011 .252 19.01 28.82 . 660 . 0: 

.014 . 246 16.01 23-83 .672 .0: 

.012 .251 16.02 23-84 .672 .0: 

.013 . 246 16.02 23.84 . 672 .0: 

.011 .251 16.02 23-84 .672 .0: 

.013 . 255 14.03 20.82 . 674 .0: 

.013 .249 14.04 20.89 .672 .02 

.011 .257 14.00 20.80 .673 .0] 

.013 .251 14.03 20.94 .670 .02 

.013 .253 12.02 18.98 .633 .02 

.013 . 252 12.02 18.87 . 637 . 02 

.013 . 247 12.02 18.95 . 634 . 02 

.014 . 248 12.02 18.90 . 634 . 02 

.013 .248 11.02 16.87 .653 .0 

.013 .253 11.01 16.88 .652 .0 

.014 .250 11.01 16.94 .650 .0 

.013 .253 11.00 16.98 .648 .0 

(a) 

v 'Corrected for plasticity. 


<J_._ 

a rr . ^comp Cx canp 

■‘comp cr conro 

. (lb/in.) (kBi) 
(lb/in.) (ksl) ( tt ) (a ) 



0.827 

0.006 7-20 

212 

8.8 

.828 

.006 7-17 

235 

9-0 

.826 

.006 7-18 

224 

8.6 

.828 

.006 7.20 

210 

8.8 

.640 

.007 6.66 

242 

10.1 

. 643 

.007 6.66 

251 

10.5 

.641 

.007 6.66 

236 

9-8 

.641 

.007 6.65 

256 

9.8 

.660 

.010 6.52 

346 

15-7 

.660 

.010 6.52 

353 

14.7 

.660 

.010 6.52 

340 

14.2 

.660 

.010 6.52 

328 

14.9 

.672 

.018 6.26 

57 ^ 

20.5 

.672 

.015 6.32 

507 

21.1 

.672 

.016 6.28 

530 

20.4 

.672 

.014 6.36 

465 

21.1 

.674 

.022 6.10 

722 

27-8 

.672 

.022 6.12 

688 

26.5 

.673 

.019 6.20 

623 

28.3 

.670 

.022 6.12 

695 

26.7 

.633 

.026 5-97 

’ 838 

32.2 

.637 

.027 5-97 

841 

32.4 

.634 

.026 5.97 

805 

30.9 

.634 

.028 5.92 

862 

30.8 

.653 

.033 5-78 

989 

38.0 

.652 

.033 5-75 

1021 

39.3 

.650 

.035 5.70 

1066 

38.1 

.648 

.033 5-77 

1012 

38.9 



acr «xp 

(4si) 

Error 

(percent) 

6.9 

28.6 

6.8 

33.5 

6.3 

36.5 

6.9 

27.3 

9.0 

U .7 

7-5 

38.7 

8.5 

15.0 

7.9 

24.7 

12.5 

25-7 

12.7 

16.1 

12.1 

17.2 

12.5 

19.4 

16.3 

25.5 

17.6 

20.0 

16.3 

25.2 

18.5 

14.4 

22.5 

,22.0 

20.3 

29.5 

24.7 

12.4 

20.3 

31.0 

24.3 

25.5 

22.0 

38.9 

22.0 

34.8 

20.4 

44.7 

25.7 

30.6 

27.4 

24.3 

23.8 

4 o .6 

27.4 

23.9 
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IABIE 3 

EXFEEIMEIfEAL AHD COMPUTED DAIEA FOR SAHBWICH PLAIES VUE AICLAD 24S-T 
AMMUrDM-ALLOY FACES AHD CELLOIAR- CE LLUL08E - ACETATE CORES 
jEf - 9-9 X 10 6 pal; G c ■= 3,500 pal] 


(in. ) 

he 

(in. ) 

a 

(In. ) 

0.012 

0.247 

33.00 

.013 

.247 

33.04 

.012 

.248 

33.03 

.013 

.246 

32.44 

.012 

.249 

23.02 

.012 

.249 

23.01 

.012 

.246 

23-02 

.013 

.243 

23.02 

.013 

.244 

19.00 

.013 

.245 

19-02 

m 

H 

O 

.248 

19.01 

.013 

.247 

19-01 

.013 

.243 

16.02 

.013 

.241 

16.00 

.013 

.238 

16.00 

.013 

.245 

16.00 

.014 

.250 

14.01 

.014 

.257 

14.00 

.013 

.256 

14.00 

.013 

.254 

12.01 

.012 

.253 

12.01 

.013 

.251 

12.02 

.013 

• 251 

12.01 

.014 

.249 

10.99 


4 

Bx C0Gtp 

Cr<::r conip 


(lb/in.) 

(ksl) 


jo. 829 0, 
I .830 , 
.828 
.813 
.61+1 
.642 
.64 1 

.639 

.659 

.659 

.658 

.658 

.671 

.671 

.671 

.670 

.663 

.673 

.670 

.636 

.638 

.637 

.635 

.663 


.029 6.36 

,032 6.32 

.029 6.36 
032 6.22 
036 5.68 

037 5.68 
036 5.68 

038 5.62 
060 5-08 
060 5*08 
06 l 5.06 
06 l 5.06 

087 4.57 

087 4.57 
086 4.60 

088 4.56 
123 4.05 
131 3.95 
120 4.10 
146 3-77 
135 3.91 
144 3-79 
143 3.80 
1 99 3.17 


Error 

(percent) 


7-0 
6.4 

5.8 27.4 


9-3 -10.5 

8.8 -8.4 

7-4 5.3 

13-4 
11.6 
11.6 
11.6 
14.6 

14.6 

15.6 -10.2 

17.2 -14.7 

18.0 
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k 
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Figure 3>- Comparison of elastic-buckling-s tress coefficients for infinitely 
long Metalite type sandwich plates with clamped edges and with simply 
supported edges. 
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Theoretical stress = 
experimental stress 


Theoretical stress = 1.26 x 

experimental stress 



Experimental buckling stress , ksi 


Figure 5>- Comparison of theoretical and experimental "buckling stresses 
for sandwich plates with, alclad 24S-T aluminum-alloy faces and end- 
grain "balsa- wood cores . 










